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INTRODUCTION 
The presence of various insect diseases was first record­
ed over 2000 years ago by beekeepers and silkworm culturists. 
As cultivation of these insects increased, considerable eco­
nomic losses were encountered. Desire for control of these 
diseases gave impetus to studies of the causes of insect 
diseases in general. However, it has only been in the last 
century that these diseases were attributed to microorganisms 
(White, 1906), and only in the last 30 to 35 years that any 
appreciable correlation between insect diseases and specific 
pathogens has been developed. 
Potential application of insect pathogens for control of 
insect pests intensified interest in the field of insect path­
ology. Along with this renewed interest came the realization 
that basic information regarding insect-disease relationships 
could be obtained by study of useful as well as harmful in­
sects. .One of the principal areas in need of further inspec­
tion is the disease resistant qualities found in some insects 
and the mode of transmission of resistance from generation to 
generation of insects. This is such a study involving the 
honeybee, Apis mellifera L. and one of its pathogens, Bacillus 
larvae White. 
American foulbrood (AFB), caused by B. larvae, has been 
studied extensively since 1907, the year White identified the 
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pathogen as the causative organism. When reports of colonies 
of bees resistant to AFB (Stewart, 1910; Lineburg, 1925) ap­
peared, the suggestion that resistant lines of bees could be 
established stimulated experimentation to learn more about this 
resistance. Park (1937) was able to establish that some colon­
ies were resistant to AFB and that this resistance was heritable. 
Since the discovery by Park, most selection programs in­
volving AFB resistance have selected for overall qualities of 
resistance which include behavioral, mechanical, and physio­
logical resistance. The present study was designed to measure 
the selection of physiological larval resistance over three 
generations of queen and drone selection. Progeny of these 
selected matings were tested. A measure of gametic versus 
zygotic selection can be directly interpreted from these tests 
as well as indicating a method of breeding and selecting a more 
resistant strain of bees for commercial use. 
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REVIEW OF LITERATURE 
Plant Resistance to Disease 
The evidence of breeding for resistance to disease or­
ganisms has its best examples in the plant kingdom. An illus­
tration is the resistance of various wheat strains to stem 
rust (Poehlman, 1959). The spread of the stem rust disease 
over the United States and Canada caused plant breeders to 
give new appraisal to old established wheat strains since they 
exhibited a high degree of susceptibility to stem rusts. The 
combined research efforts of plant pathologists and plant 
breeders gave rise to new varieties which included resistance 
to rust while maintaining essential agronomic qualities. As 
new biological races of rust fungi arose new genes for resis­
tance had to be selected. 
Many other examples of selection for resistance to fungus 
diseases of plants could be cited. Resistance of sugar cane 
to virus infection was another case whereby plant breeders 
have overcome losses due to pathogens by breeding for resistant 
strains. Reviews of genetic resistance to plant diseases are 
given by Hayes et al. (1955) and Walker (1953). 
The extent to which genetic resistance to disease has 
been utilized in the production of cultivated crops is illus­
trated in Walker's (1953) review of disease resistance in 19 
common vegetables. For all but 1 of 74 diseases of these 
plants genetic resistance has been demonstrated and in 52 cases 
the disease was controlled, at least in part, by varieties 
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that combined genetic resistance with desirable economic quali­
ties. 
Yet another extensive area that has enjoyed great popu­
larity in the plant world is that of breeding plants resistant 
to insects. Some of the more prominent examples are : grapes 
resistant to grape phylloxera ; Pawnee wheat resistant to the 
Hessian fly; maize resistant to the chinch bug; and many more 
as cited by Painter (1951) and Hayes et ajL. (1955). 
Animal Resistance to Disease 
The animal kingdom has not been studied as extensively 
for disease resistance and subsequently has not had the ex­
tensive application of selection programs to acquire these 
traits. Instead animal breeders, especially breeders of do­
mestic animals, have made extensive studies of traits increas­
ing the commercial productivity and then housed the animals in 
the particular aseptic environment necessary for maximum pro­
duction. The selection for disease resistance has been a slow 
process in this area due to cost of producing and maintaining 
test animals which would not bring an immediate return on in­
vestments. 
There are, however, a few examples of disease resistant 
animals being selected where outbreaks of diseases threaten 
losses of entire herds of animals. This happened in 1929 in 
an outbreak of brucellosis in California When apparently resist­
5 
ant animals were kept as breeding stock (Hutt, 1958). The 
results of these matings showed an increase of nonsusceptible 
swine and programs were established to continue this selection. 
Another instance cited in the reference above involved re­
sistance to hog cholera but this was again the result of an 
outbreak of a disease that upset the production program. The 
remaining animals served as breeding stock to continue the re­
sistant trait. There are similar citations concerning cattle, 
sheep, and goats. It would seem beneficial for animal breeders 
to establish a selection program to incorporate with their 
production qualities factors for resistance to diseases that 
are known to be genetically controllable. 
The information on modes of inheritance of resistance, 
mechanisms of resistance, and possible breeding systems have 
been left to the smaller less economically important laboratory 
animals. Even here the material is scanty but is constantly 
growing. 
Resistance in Insects 
The ability of insects and other organisms to exhibit im­
munity or some degree of tolerance to various toxic substances 
was suggested by Melander (1914). This ability to resist the 
toxic effects of insecticides created concern and therefore 
encouraged many researchers to study the development of this 
phenomenon. Many related fields of investigations were pursued 
to determine the mechanism, heritability, and importance of 
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this change. It has been shown that insecticide resistance 
is an example of evolutionary change as illustrated by the ex­
tensive studies on housefly resistance to DDT (Brown, 1957). 
Many comprehensive studies of insecticide resistance are 
available and one issue of miscellaneous publications of the 
Entomological Society of America (Crow, 1960) was devoted to 
insect resistance. 
The extensive studies on insecticide resistance has also 
influenced the study of insect resistance to diseases. The 
use of disease organisms as microbial insecticides has stirred 
interest in the probabilities of inducing resistant populations 
as in the case of insecticides. Various attempts have been 
made in insect populations to utilize pathogens as a means of 
control of economic pests. In most cases the application has 
met with little success due to the cost, mode of transmission 
of the disease, and physical properties of pathogens, all of 
which are factors that reduce the practical application 
(Sweetman, 1958). Also the insects developed resistance to the 
disease as in insecticides. However, since this resistance is 
a common occurrence and can be developed in various plants and 
animals it is possible to utilize this resistance in economical­
ly important and useful insects. A degree of assurance can be 
attained through the selection of bearers of more "useful" 
gene s. 
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Natural immunity 
Normal insects possess nonspecific means of defense against 
infection and these means vary from species to species and 
within the individual at different times in its development. 
The relative impenetrability of the integument, the intestinal 
epithelium, and the acidity or alkalinity of the digestive 
tract are all effective against micro-organisms (Stephens, 
1963). Bucher (1960) states that the resistance of any given 
individual to a potential pathogen is expressed in its ability 
to inhibit the multiplication of a small number of initial in­
vaders. It was noted that if the integument was broken, all 
stages of the insect would become infected within the haemocoel. 
The mechanism of suppression of the invading cells has not been 
elucidated as yet. 
The age of the insect is closely linked with development 
and the resistance to infection increases with development 
(maturation immunity). Terzian e_t al. (1956) in experiments 
with Aedes aegypti (L.), showed that the older the mosquito 
grew the more resistant it became to Plasmodium gallinaceum 
Brumpt. Bamrick (I960) presents a time-mortality curve of 
response of honeybee larvae to Bacillus larvae that shows 
increased resistance as the larva ages. Resistance occurred at 
an earlier age in the resistant line than in the susceptible 
line. Continued experiments along this line have tended to 
link resistance to definite genetic traits, i.e. growth rates. 
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However, Briggs (1958) gave evidence that nonspecific 
immunity in lepidopterous larvae may be attributed to an anti­
bacterial factor. Work with the silkworm larva (Cappellato 
and Narpossi, I960) to find such nonspecific immunity factors 
was completed and no evidence of natural agglutins was found, 
It was concluded, however, the possibility of the existence of 
such a substance should not be eliminated entirely. The re­
sults of the above also failed to show the presence of natural 
antibodies in insects and there are no other reports of at­
tempts to indicate the existence of such antibodies (Stephens, 
1963). 
The lack of data on insect resistance to disease stems 
from the difficulty to reproduce results already obtained but 
not verified. Therefore, without consistent experimental re­
sults the mechanism of immunity in insects remains unclear. 
Steinhaus (1957) stated that many of the previous ideas con­
cerning immunity in insects are in error, or it must be radi­
cally revised. He also states that it appears the principles 
of immunity in insects and other invertebrates are quite dif­
ferent from those operating in higher animals. It may also be 
that factors of both mechanical and physiological nature in 
the host play a role in the natural resistance to microorgan­
isms. 
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Resistance of Honeybees to AFB Disease 
American foulbrood is a disease of the brood only, and is 
naturally spread when spore-laden pollen and honey are brought 
into a hive and fed to larvae. 
Various methods of colony infection have been used by re­
searchers to artificially introduce disease in colonies for 
experimental studies. The first method used, instigated by 
White (1907), and used by Sturtevant (1932) and Park (1937), 
consisted of feeding sugar syrup with 500 million spores per 
liter. Another method used by Park (1935) involved placing 
a rectangular section of comb containing at least 75 scales of 
AFB in the center of a healthy comb of brood of a test colony. 
By this method Park "was able to establish the heritable char­
acter of resistance. A third method consisted of spraying brood 
combs of young larvae with an aqueous suspension of spores 
(Tarr, 1938). The last method to be cited was the method used 
in this study. This was to inoculate food of individual larvae 
using a micrometer syringe developed by Trevan (1927) and 
Toumanoff (1929). This method was used by Hoage (1963) to 
establish L.D.50 values for resistant and susceptible lines at 
varying larval ages. The results of that study were utilized 
in the selection carried on in this series of experiments. 
The mechanisms of resistance of the honeybee to AFB have 
been classified by various investigators as behavioral (Park, 
1935, 1936, 1937), mechanical (honey stopper) (Sturtevant and 
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Revell, 1953), and physiological larval resistance (Rothenbuh-
ler and Thompson, 1956 ; and Bamrick, 1960). These mechanisms 
have all been selected for as a group prior to this study 
which is designed to obtain more information on the genetic 
basis of physiological resistance in the honeybee larva. 
With the objective of these studies being increased 
knowledge of the inheritance of larval resistance to AFB, the 
following will also be considered during the evaluation of the 
data. A comparison of gametic versus zygotic selection through 
the male (drone) which is, in essence, a gamete of the female. 
The female is selected in the diploid or zygotic state which 
enables a comparison to be made. 
The rate of progress in selection depends upon the degree 
of heritable variance in the population and the intensity of se­
lection (Lush, 1945). Also, to maintain the highest effective 
selection, a high degree of genetic variability must be main­
tained to insure against inbreeding depression. The work of Reeve 
and Robertson (1954), on Drosophila melanogaster, has shown that 
a peak of selection may be reached which is a result of homozy­
gous lethals, not the genotypic condition of the bristle number. 
This was found to be remedied by permitting panmictic breed­
ing before selection resumes. This can be stated as a rule 
that, as genetic variability decreases selection is less ef­
fective (Crow, 1957). Other factors important in a quanti­
tative study are the number of genes involved, dominance and 
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epistasis, environmental effects and other unbalancing effects 
of natural selection, These factors were considered and ap­
plied, where appropriate, to the information gathered through 
this study. 
A declaration of the genetic principles involved should 
be enumerated. A basic premise in quantitative theory of in­
heritance is that the inheritance of quantitative differences 
depends on genes subject to the same laws of transmission and 
the same general properties of qualitative (Mendelian) in­
heritance. The differing point being their (the genes) additive 
or multiplicative effect on the trait or traits in question. 
There must also be the assumption that resistance is preadap-
tive. Evidence to support this view comes from the repeated 
failures to demonstrate directly acquired resistance to in­
secticides (Beard, 1952). Also the work of Bennett (1958) 
showed that resistance to toxic agents in insects was apparent 
even though their direct ancestors were never exposed to the 
toxic agents. More evidence for preadaptive resistance is the 
inability to secure any appreciable change in resistance by 
selecting from within inbred lines (Crow, 1957). 
The honeybee is an excellent organism for a study of 
quantitative inheritance for several reasons: 1) the advent 
of controlled mating in honeybees, (Watson, 1926) and subse­
quent improvements (Nolan 1932; Laidlaw, 1944, 1949; Mackensen, 
1947, 1954, 1955; and Mackensen and Roberts, 1948) enabled re­
searchers to better apply mating systems to genetic studies of 
12 
honeybees. The studies of Schwartz (1953) on inbreeding de­
pression of certain body measurements and Cale and Gowen (1956) 
on oviposition rate gave more information on heterosis and in­
breeding in honeybees. There was also a concurrent increase 
in knowledge available on quantitative characters of honeybees, 
the most recent of these studies being the inheritance of egg 
size and the variation between lines of bees (Taber and 
Roberts, 1963). 2) The aforementioned gametic condition of 
the drone allows exact reproduction of a gamete for multiple 
fertilizations. 3) Large numbers of progeny are produced in 
a relatively short time from a single mating. Several systems 
of matings, self fertilization, mother-daughter, full sister, 
aunt-niece, and others have been mapped out by honeybee workers 
to fit the sex-linked type of inheritance found in bees (Kalmus 
and Smith, 1948; Crow and Roberts, 1950; and Polhemus et al., 
1950). Under some mating conditions self-fertilization is 
possible with three generations per year in warm climates but 
as many as five generations per year are possible in offspring 
to older parent type mating systems. 
MATERIAL AND METHODS 
Heterozygosity is the basis of selection for resistance 
as well as any other character in beginning a selection pro­
gram. The following methods were followed in determining which 
stock was to be used for further matings. Drones were selected 
by inoculating the larval food at 0-12 hours of age. The age 
was determined by caging the queens in a comb cage on a drone 
comb for a 12 hour period after which she was removed to a new 
comb or released in the colony. The drone comb was then placed 
in the second story of a nurse colony surrounded by emerging 
worker brood. The queen of the nurse colony was restricted 
to the bottom story by means of a queen excluder. Assuming 72 
hours as the required time for the eggs to hatch, the comb was 
taken to the laboratory 12 hours after hatching in a covered 
wooden container. At this time 1,000 spores in .287 mm dis­
tilled water were added to the larval food near the larva. The 
spore suspension had been prepared by the method cited by Hoage 
(1963). All larvae on one side of the comb were treated while 
all larvae on the other side of the comb remained untreated. 
Twenty-four hours later the combs were returned to the labora­
tory and a base count of larvae taken. 
One day prior to the time of emergence, which occurs 24 
days after the egg is laid, the combs were removed from the 
nurse colony and placed in a constant temperature-humidity in­
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cubator. The two sides of the comb were separately caged with 
1-/8" mesh wire to-retain the emerged drones. These drones were 
then marked according to whether they were survivors of the 
spore treatment or the control. The drones were then imme­
diately placed in a nucleus hive which contained no drone 
brood or adult drones and they remained in these colonies un­
til maturity when they were used in selection matings. 
The queens were selected in much the same manner. The 
queens chosen as mother stock were caged for a period of six 
hours under a 5" x 7" zinc queen excluder cage on clean ex­
perimental test combs. These combs were then placed in a 
nurse colony for 78 hours at which time they were removed to 
the laboratory in a covered container as stated above. The 
larvae were between zero and six hours of age at this time. 
They were transferred (grafted) to queen cell cups containing 
a drop of royal jelly collected previously from queen cells. 
After the larvae were transferred to the queen cell cups 1,000 
spores in .287 mm distilled water was placed in the larval 
food near the larva. The grafted larvae were then taken to a 
nurse colony set up to induce the rearing of queens. The 
grafts were placed in the second story of this grafting colony 
surrounded by emerging worker brood. A base count of the ac­
cepted grafts was taken 24 hours later. Ten days after the 
grafts had been made they were placed in a controlled tempera­
ture-humidity incubator. Upon emergence they were clipped and 
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marked and introduced into freshly made nucleus hives. Here 
they remained until used experimentally. 
The difference in ages used for selection of drones and 
queens was one of convenience in caging as well as egg pro­
duction of the queen. It was found that the queen produced 
drone eggs in sufficient numbers in a 12 hour period and to in­
sure a sufficient number of drones at mating time a greater 
number was needed. However, the selection pressure applied 
would not be quite as great against the more mature drone larvae. 
The dose of 1,000 spores was chosen from the dosage-
mortality studies of 0-6 hour larvae that indicated this amount 
would result in approximately 75% mortality in all honeybee 
larvae of this age, hybrid or inbred (Hoage, 1963). The se­
lection pressure applied would then approximate the upper 25% 
of the population. 
The insemination technique used is the same as that out­
lined by Mackensen and Roberts (1948). Progeny of these mat-
ings were then tested to determine the stock for the next 
breeding generation. The mating presenting the highest resist­
ance was chosen for queen stock and drone stock came from the 
next most resistant mating. A susceptible line was initiated 
using these same principles. 
The progeny tests were conducted in the following manner. 
Queens were caged for six hour periods under a 5n x 7" zinc 
queen excluder cage on clean experimental test combs (Figure 1). 
16 
When the larvae were of 18-24 hour age level they were tested 
by treating them with 1,000 spores per dose using a syringe 
with a micrometer head (Figure 2). The caging area was de­
limited in the most dense brood area using a plastic template 
that numbered the rows (Figure 3). A flip of the coin de­
cided which treatment would be applied first. The larvae were 
reared in a nurse colony headed by a commercial hybrid queen. 
A base count was taken 24 hours after inoculation and a final 
count was taken on the 19th day of immature development. The 
18-24 hour age level was chosen since this is the age which 
exhibits the separation of genetic lines in previous resistance 
studies (Hoage, 1963; Bamrick, 1960; and Bamrick and Rothen-
buhler, 1961). The 1,000 spore dose was used since it approxi­
mated the median lethal response of a susceptible line (Hoage, 
1963). 
Sutter (1963) has indicated some relationship between 
larval weight and disease resistance to AFB so larval weights 
were taken at the 18-24 hour age level to measure the resist­
ance and weight relationship exhibited by this age group. 
Weights were taken on samples of ten larvae chosen at random 
in the template area by random numbers indicating the row and 
cell number which contained the larva to be weighed. Weights 
were taken on a precision torsion balance graduated to the 
nearest .001 mg. Samples were collected on cagings of three 
different days. 
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Two lines of honeybees were maintained as resistant and 
susceptible stock at the Apiculture Laboratory, Ames, Iowa. 
The lines had been selected and inbred for their respective 
traits for over five generations using artificial insemination 
procedures. The resistant line of bees was obtained from 
E. G. Brown of Sioux City, Iowa where he had established a 
degree of resistance by means of "natural selection" (Rothen-
buhler and Thompson, 1956). The susceptible line was developed 
from a single mated queen obtained from Homer Van Scoy through 
W. F. Coggshall of Cornell University, in 1950. Selection for 
resistance in the larval stage of the honeybee began with the 
Fi generation of resistant line by susceptible line cross. 
The flow-chart for the F^ queens and subsequent genera­
tions is given in Figure 4. The numbers refer to mating num­
bers assigned for mating records at Iowa State University 
Apiculture Laboratory. The initials V. S. and Br. represent 
Van Scoy and Brown, respectively, the sources of the two lines 
of bees. 
Previous studies undertaken have indicated a difference 
in hatching time necessary for different lines of honeybees. 
Notes were taken at the time of inoculation on the number of 
eggs hatched and the number unhatched at this time. These 
recordings were used to determine percent hatching at 18-24 
hours of age. The exact location was marked for eggs of the 
several lines and the length of time to hatching and emergence 
recorded. 
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The homogeneity of the samples were tested using the 
Brandt-Snedecor (Snedecor, 1956) analysis for percentage data. 
The pooled data were then analyzed in a two-way classification 
factorial, completely randomized design. This design was 
used both on mortality responses and larval weights in each 
generation. 
A completely random covariance design (Snedecor, 1956) 
was used on the two factors (variables) in each generation to 
measure treatment effects. The presence of interaction removed 
the assumption of additivity in some analyses and the method 
of weighted squares of means was used to give valid tests of 
the factors in these experiments. Complete analyses are given 
for the three generations. 
Figure 1. A 5" x T" zinc queen excluder cage used to confine 
a queen to a given area of the test comb for egg 
laying 
Figure 2. The microsyringe, disassembled, used for inocu­
lation of the larval food 
Figure 3. The test area of a comb delineated with a template 
and designating a check and two rows of spore 
treatment 
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Figure 4. Flow chart showing female-male unions with the assigned mating numbers 
from the Iowa State University Apiculture Laboratory. The chart shows 
the origin of stock and the matings used in three generations of se­
lection 
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RESULTS AND ANALYSIS 
The data for this study appears in Appendix Tables 18 
through 20. The first column gives the class or mating type, 
i.e. inoculated queen mated with an inoculated drone etc. The 
mating numbers of the queens that supplied the larvae for 
treatment in each generation are shown in the second column. 
The treatments applied to the larvae are given in the third 
g 
column. The treatments consisted of a control, .287 mm dis-
3 tilled water, or 1,000 spores in .287 mm distilled water. 
Each entry per mating indicates a single comb tes.. The base 
count was taken on the day following inoculation of the larval 
food and was the number of larvae remaining in each treatment 
group on each test comb. The final count was taken on the 19th 
day of immature development. The missing and APB dead indi­
viduals were combined to give the percent mortality resulting 
from a given treatment and was recorded in the next to last 
column. The missing larvae in the treated rows were assumed 
dead of AFB and had been removed by the housecleaning nurse 
bees. There were some cases of larvae dead of causes other 
than AFB but these were few in number and were subtracted from 
both the base and final counts when they did occur. The per­
cent mortality was recorded in the last column. Totals for 
each mating are given in the tables. 
The data were collected over a two year period from 
June 1962 to September 1963. The first generation of selection 
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was completed from June to the first week in August 1962. 
The second generation was mated and tested in May, June and 
the first two weeks of July of 1963 while the third generation 
was completed in the latter part of July, August and the first 
part of September of the same year. The first two generations 
were tested during the honeyflow season which accounts for the 
higher number of larvae. The third generation was reared 
during a dearth period which made it extremely difficult to 
get the nurse bees to rear the treated larvae. It will be 
noted that the data for the third generation was sometimes 
based on single comb survival for a given queen. This re­
sulted from complete removal of all larvae from test combs. 
Those combs that were worthy of listing are listed even though 
they exceed the 10% control mortality used as the limit of 
normal mortality. All combs exceeding this value were not in­
corporated in the final pooling of data for analyses. 
Chi-square tests were used to determine the validity of 
pooling the individual combs from individual queens. The 
Brandt and Snedecor method for percentage data was used 
(Snedecor, 1956) and the probability of larval death throughout 
the sample within progeny of queens was no more divergent than 
uld be expected in groups randomly drawn from a population 
with a constant probability of death. Tests between control 
and spore mortality were highly significant as was obvious 
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from the data. The exceptions to this occurred when control 
losses exceeded the 10.00% level which indicated adverse en­
vironmental influence and were not included in the overall 
pooling. The pooled spore data for the respective genera­
tions are given in Tables 3, 10, and 15. 
Successful matings in equal numbers did not occur in all 
classes in every generation due to mating technique and larval 
survival of inoculated queen larvae. The survival of queens 
was affected in the second generation by the development of 
ovarian diseases and thus some mating numbers are missing 
from the data. The insemination tools were first immersed in 
90% alcohol as a means to control this disease but alcohol 
treatment proved to be ineffective. In the third generation a 
five percent solution of streptomycin was used to coat the 
tools and more of the matings proved to be successful. However 
environmental conditions reduced the survival of larvae in the 
test combs and some matings were eliminated from the experi­
ment because of insufficient numbers of test larvae. 
Larval weights were recorded on samples of ten larvae 
taken at the time of inoculation. Three such samples were 
taken for each queen in the first and second generation and 
these results were recorded in Tables 4 and 11. The larvae 
were randomly selected by row and cell numbers from a box to 
correspond to the delineated area of the affixed template. 
In the last generation there were not sufficient larvae on 
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single combs for both treatments and larval weights were not 
taken in all matings (Table 16). 
It was noted that during the course of the experiment the 
egg hatching times varied among the selection classes and in 
the third generation were as much as 30 hours longer in the 
most susceptible matings. These individuals did, however, 
mature at the same rate as the other larvae of that comb and 
emerged at the same time. Several of the eggs were weighed 
and were found to be somewhat heavier than the average egg 
weight of that mating. Not enough data was collected to give 
a good analysis for these observations. Only a general dis­
cussion of these data will be given. 
Generation 1 
The results of the F^ selection of queens for generation 
1 are given in Table 1 and the drone selections are given in 
Table 2. Matings were made from these selections. Originally, 
five queens were to be tested in each mating type but only six 
survived the initial application of spores to 0-6 hour larvae 
while 27 of the untreated survived. The mating types from 
these results gave I x I or queens that survived inoculation 
mated with drones that survived inoculation; I x N or queens 
that survived inoculation mated with drones that had not been 
treated in the larval stage; N x I or queens that were not ex­
posed to spores in the larval stages mated with drones that 
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had survived inoculation; and N x N or a mating of untreated 
queens and drones. The first letter of the mating type refers 
to females and the second letter refers to males. From neces­
sity the first and second classes had only three matings each. 
Table 1. Results of grafts of 0-6 hour larvae from M1791 
Treat­
ment 
Base 
count Living Missing 
Observed 
AFB 
Percent non­
survival 
Control 30 27 3 0 10.00 
1,000 34 6 24 4 82.4 
Table 2. Results of inoculation 
from M2080 
of 0-12 hour drone larvae 
Treat­
ment 
Base 
count Living Missing 
Observed 
AFB 
Percent non­
survival 
Control 124 120 4 0 3.2 
1,000 517 152 365 0 70.6 
The worker (sterile female) brood of these queens was 
tested (progeny tests) and the results of the mortality re­
sponses and larval weights are recorded in Tables 3 and 4. 
The I x I class averaged 44.9% non-survival and the average 
larval weight was 0.347 mg. The two single selected-parent 
mating types, I x N and N x I, were more resistant than the 
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Table 3. Pooled spore data of tested queens from the first 
selected generation 
Mat- Source 
ing of 
type larvae 
Treat- Base 
ment count 
Liv­
ing 
Final 
Miss­
ing 
count 
Observed Ato Total 
Larvae Pupae dead 
% non­
sur­
vival 
Ixl* M2195 Control 109 105 4 0 0 4 3.70 
Spore 222 124 36 29 23 88 39.64 
M2196 Control 94 89 5 0 0 5 5.32 
Spores 211 109 31 34 37 102 48.34 
M2197 Control 183 176 7 0 00 7 3.82 
Spores 351 189 56 70 36 162 46.15 
Total Control 386 370 16 0 0 16 4.14 
Spores 784 422 123 133 96 352 44.89 
IxNb M2198 Control 165 160 5 0 0 5 3.03 
Spores 320 223 41 23 33 97 30.31 
M2199 Control 197 191 6 0 0 6 3.04 
Spores 400 215 51 32 102 185 46.25 
M2200 Control 98 92 6 0 0 6 6.12 
Spores 207 137 18 21 31 70 33.82 
Total Control 460 443 16 0 1 17 3.69 
Spores 927 575 110 76 166 352 37.97 
Nxlc M2190 Control 33 32 1 0 0 1 3.03 
Spores 68 39 6 11 12 29 42.64 
In this table and each table hereafter Ixl means a 
mating of female and male that have survived inoculation in 
the larval stage. 
^In this table and each table hereafter IxN means a 
mating of a female that survived inoculation in the larval 
stage and a non-treated male. 
cIn this table and each table hereafter Nxl means a 
mating of a non-treated female mated with a male that survived 
inoculation in the larval stage. 
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Table 3. (Continued) 
Mat- Source Final count % non-
ing of Treat- Base Liv- Miss- Observed AFB Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
Nxl M2191 Control 96 93 3 0 0 3 3.12 
Spores 195 131 36 11 17 64 32.82 
M2192 Control 77 74 3 0 0 3 3.90 
Spores 190 114 32 26 28 86 45.26 
M2193 Control 81 76 5 0 0 5 6.17 
Spores 161 111 15 18 17 50 31.06 
M2194 Control 37 37 0 0 0 0 0- 00 
Spores 69 56 4 9 0 13 18.84 
Total Control 336 322 14 0 0 14 4.17 
Spores 700 467 94 75 74 243 34.71 
NxNd M2201 Control 128 122 6 0 0 6 4.69 
Spores 224 86 38 37 63 138 61.61 
M2202 Control 56 54 2 0 0 2 3.57 
Spores 144 92 21 16 15 52 36.11 
M2203 Control 47 46 1 0 0 1 2.13 
Spores 104 40 27 24 13 64 61.54 
M2204 Control 30 28 2 0 0 2 6.67 
Spores 74 42 15 7 10 32 43.24 
M2205 Control 63 61 2 0 0 2 3.17 
Spores 127 54 27 28 18 73 57.48 
Total Control 324 311 13 0 0 13 4.01 
Spores 673 314 128 112 119 359 53.34 
^In this table and each table hereafter NxN means a 
mating of non-treated female and male. 
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Table 4. Weights of samples of 10 larvae 18-24 hours old from 
the first selected generation 
Mating 
type 
Source 
of 
larvae 
Sample 10 larvae 
Average weight/larva 
12 3 Total 
Mating 
average 
Mating 
type 
average 
Ixl M2195 0.339 0.347 0.332 1.018 0.339 
M2196 0.356 0.362 0.352 1.070 0.357 
M2197. 0.342 0.368 0.325 1.035 0.345 0.347 
IxN M2198 0.399 . 0.386 0.370 1.155 0.385 
M2199 0.330 0.315 0.341 0.986 0.329 
M2200 0*336 0.362 0.385 1.083 0.361 0.358 
Nxl M2190 0.373 0.362 0.357 1.092 0.364 
' 
M2191 0.370 0.353 0.362 1.085 0.362 
M2192 0.368 0.380 0.358 1.106 0.369 
M2193 0.367 0.388 0.343 1.098 0.366 
M2194 0.426 0.391 0.355 1.172 0.391 0.370 
NxN M2201 0.345 0.305 0.321 0.971 0.324 
M2202 0.309 0.298 0.302 0.909 0.303 
M2203 0.344 0.323 0.300 0.967 0.322 
M2204 0.328 0.321 0.301 0.950 0.319 
M2205 0.302 0.300 0.293 0.895 0.298 0.315 
Table 5. Analyses of variance for larval mortality and weight in Generation 1 
Preliminary AOV 
Mortality Weight 
Source df SS MS F Source df SS MS F 
Treatment 3 907.51 302.50 3.10 Treatment 3 .0094 .00310 17.22** 
Error 12 1170.10 97.51 Error 12 . 0032 .00018 
Total 15 2077.61 Total 15 .0116 
Complete AOV 
Zygote 1 80.04 1 Zygote 1 .000454 2.52 
Gamete 1 96.77 1 Gamete 1 .001984 11.02** 
Interaction 1 624.00 6.40* Interaction 1 .004335 24.08** 
Error 12 97.51 Error 12 .00018 
^Significant at the .05 level of probability. 
^^Significant at the .01 level of probability. 
Table 6. Analyses of variance for larval mortality and weight in Generation 1 
Source 
Mortality 
df SS MS 
Preliminary AOV 
F Source df 
Weight 
SS MS F 
Treatment 3 2565.26 855.09 15.25** Treatment 3 .005694 .001731 1.09 
Error 16 897.08 56.07 Error 16 .025392 .001587 
Total 19 3462.34 Total 19 .031306 
Complete AOV 
Zygote 1 26 26.61 1 Zygote 1 .004805 3.03 
Gamete 1 320.40 5.71* Gamete 1 .000205 1 
Interaction 1 2226.47 39.71** Interaction 1 .000180 1 
Error 16 56.07 Error 16 .001587 
^Significant at the .05 level of probability. 
^^Significant at the .01 level of probability. 
Table 7. Covariance of mortality and larval weight between mating types in 
Generation 1 
Sy2-
Deviations from 
Regression 
Mating type f Sx2 Sxy sf f (Sxy)2/Sx2 Mean square r Reg. coef. 
Ixl 2 40.96 0. 0740 0. 0002 1 0.00010 0.00010 0.2586 0.00181 
IxN 2 140.30 -0. 4582 0. 0016 1 0.00010 0.00010 -0.9671* -0.00326 
Nxl 4 441.22 -0. 3605 0. 0005 3 0.00030 0.00010 -0.7675* -0.000817 
NxN 4 542.62 0. 2157 0. 0005 3 0.00042 0.00014 -0.4141 0.000398 
Within 8 0.00092 0.00011 
Reg. Coef. 3 0.00164 0.00054* 
Common 1.2 1165.10 -0. 5290 0. 0028 11 0.00256 0.00023 -0.2929 -0.000454 
Adj. means 3 0.00374 0.00124* 
Total 15 2077.62 —3 • 3135 0. 0116 14 0.0063 
^Significant at the .05 level of probability. 
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previous class with non-survival averages of 38.0% and 34.7% 
respectively. Larval weights in the two classes averaged 0.358 
mg. and 0.370 mg. 
The analysis of variance of mortality and larval weights 
given in Table 5 show significant interaction between gamete 
and zygote selection. Gamete selection in the larval weight 
analysis was also significant. The analysis of covariance in 
Table 7 shows significant differences among thé adjusted means 
of larval weights. The correlation coefficients of I x N and 
N x I, -0.9671 and -0.7675 respectively, are significant at 
the .05 level of probability. 
Generation 2 
Using the two most resistant queens in the selected 
mating types the selection methods of the previous generation 
were applied and queens and drones were selected for the mat­
ings in generation two. Figure 4 shows the mating numbers of 
queens chosen as queen and drone mother stock. The results of 
these selections are given in Tables 8 and 9. 
Table 8. Results of selection grafts from queens of the first 
generation of selection 
Mating 
type 
Source of 
larvae 
Treat­
ment 
Base 
count 
Liv­
ing 
Miss­
ing 
Observed 
AFB 
Percent 
non-survival 
Nxl M2197 1000 34 8 25 ' 1 76.5 
Ixl M2200 1000 34 11 20 ; - 3 67.7 
IxN M2193 None 35 32 3 - 0 8.7 
NxN M2201 None 35 34 1 0 2.8 
NxN M22U5 None 34 30 4 0 11.7 
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Table 9. Results of inoculation of 0-12 hour drone larvae 
from queens of the first selected generation 
Mating Source of Treat- Base Liv- Miss- Observed Percent non-
type larvae ment count ing ing AFB survival 
Nxl M2191 1000 463 150 313 0 67.6 
Ixl M2195 1000 352 113 239 0 67.9 
IxN M2198 None 332 305 27 0 8.1 
NxN M2201 None 294 248 46 0 15.6 
NxN M2203 None 371 337 34 0 10.9 
Five successful matings were obtained for each mating 
class except the susceptible line. A new mating class was 
introduced in this generation in the selection of a susceptible 
line based on progeny tests only. This mating class gave a 
measure of selection in the opposite direction. The results of 
the progeny tests of 18-24 hour larvae to 1000 spores and the 
average larval weights are given in Tables 10 and 11. 
Non-survival averages were lower in all three selected 
classes as well as the control mating type. The susceptible 
mating type, (S) NxN, showed an increase of 33% mortality 
over the previous generations* control group. 
The mortality average for mating types were I x I - 37.7%, 
I x N - 26.1%, N x I - 18.7%, NxN- 49.1% and N x N (S) -
86.1%. The averages were based on total numbers of larvae in 
each class. The average larval weights were 0.370 mg. for I x I, 
0 . 3 6 9  m g .  f o r  I  x  N ,  0 . 3 4 5  m g .  f o r  N  x  I ,  0 . 3 3 2  m g .  f o r  N x N  
and 0.270 mg. for (S) N x N= 
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The analysis of variance (Table 6) shows significant dif­
ferences in gamete selection and significant interaction between 
zygote and gamete matings. The larval weight analysis indi­
cated no significant variations in gamete and zygote selection. 
The covariance analysis given in Table 12 indicated no sig­
nificant differences, nevertheless, a sequential test of the 
adjusted means gives significant differences between I x I 
and N x I, I x N and N x N, N x I and NxN, (S)N x N. The 
r values of -0.9869 in the N x I class and -0.8967 in the 
NxN class were significant at the 0.05 level of probability. 
Table 10. Pooled spore data of tested queens from the second 
selected generation 
Mat­ Source % non­
ing of Treat- Base Liv­ Miss­ Observed AFB Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
Ixl M2396 Control 16 16 0 0 0 0 0.00 
Spores 39 20 16 1 2 19 48.72 
M2397 Control 145 141 4 0 0 4 2.76 
Spores 272 171 30 33 38 101 37.13 
M2400 Control 39 38 1 0 0 1 2.56 
Spores 76 50 14 1 12 27 35.52 
M2401 Control 38 38 0 0 0 0 0.00 
Spores 85 56 24 5 0 29 34.12 
M2402 Control 196 186 10 0 0 10 5.10 
Spores 432 267 34 43 88 165 38.19 
Total Control 434 419 15 0 0 15 3.46 
Spores 904 564 118 83 140 341 37.72 
IxN M2404 Control 150 144 4 1 1 6 4.00 
Spores 300 231 12 32 25 69 23.00 
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Table 10. (Continued) 
Mat­ Source Final . count % non­
ing of Treat- Base Liv- Miss­ Observed AFB Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
IxN M2405 Control 192 189 2 0 1 3 1.56 
Spores 367 270 26 26 45 97 26.43 
M2406 Control 84 79 5 0 0 5 5.95 
Spores 221 131 77 10 3 90 40.72 
M2407 Control 111 110 1 0 0 1 0.90 
Spores 270 218 25 15 12 52 19.25 
M2408 Control 32 32 0 0 0 0 0.00 
Spor e s 79 64 6 3 6 15 18.99 
Total Control 569 554 12 l" 2 15 2.64 
Spores 1237 914 146 86 91 323 26.11 
Nxl M2414 Control 29 27 2 0 0 2 6.90 
Spores 92 75 5 10 2 17 18.47 
M2415 Control 44 43 1 0 0 1 2.27 
Spores 98 83 4 10 1 15 15.30 
Nxl M2416 Control 55 54 1 0 0 1 1.82 
Spores 131 113 16 2 0 18 13.74 
M2417 Control 30 29 1 0 0 1 3.33 
Spores 68 44 .10 6 8 24 35.29 
M2418 Control 39 38 1 0 0 1 2.56 
Spores 76 63 12 1 0 13 17.10 
Total Control 197 191 6 0 0 6 3.04 
Spores 465 378 47 29 11 87 18.71 
MxN M2419 Control 62 61 0 1 0 1 1.61 
Spores 168 89 14 30 35 79 47.02 
M2419A Control 98 93 5 0 0 5 5.10 
Spores 202 91 19 49 43 111 54.95 
M2420 Control 72 69 3 0 0 3 4.17 
Spores 141 63 18 30 30 78 55.32 
Table 10. (Continued) 
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Mat- Source Final count % non-
ing of Treat- Base Liv- Miss- Observed AFB Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
MxN M2421 Control 82 81 1 0 0 1 1.22 
Spores 170 92 10 36 32 78 45.88 
M2422 Control 68 66 2 0 0 2 2.94 
Spores 164 95 20 25 24 69 42.07 
Total Control 382 370 11 1 0 12 3.14 
Spores 845 430 81 170 164 415 49.11 
NxN* M2423 Control 78 75 3 0 0 3 3.85 
(S) Spores 153 17 41 52 43 136 88.89 
M2424 Control 60 60 0 0 0 0 0.00 
, 
Spores 106 22 24 23 37 84 79.24 
M2425 Control 60 59 1 0 0 1 1.67 
Spores 107 12 51 23 21 95 88.78 
Total Control 198 194 4 0 0 4 2.02 
Spores 366 51 116 98 101 315 86.06 
g 
In this table and each table hereafter NxN(S) means a 
mating of a female and male from susceptible matings. 
Table 11. Weights of samples of 10 larvae 18-24 hours old 
from the second selected generation 
Source Sample 10 larvae Mating 
Mating of Average weight/larva Mating type 
type larvae 1 2 3 Total average 
Ixl M2396 .330 .328 .338 .996 .332 
M2397 .440 .412 .408 1.260 .420 
M2400 .350 .355 .339 1.044 .348 
M2401 .358 .347 .352 1.057 .353 
M2402 .396 .394 .397 1.187 .396 
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Table 11. (Continued) 
Source Sample 10 larvae Mating 
Mating of Average weight/larva Mating type 
type larvae 1 2 3 Total average average 
IxN M2404 .376 .370 .374 1.120 .374 
M2405 .367 .365 .370 1.102 .367 
M2406 .337 .359 .380 1,076 .359 
M2407 .417 .427 .407 1.251 .417 
M2408 .325 .333 .332 .990 .330 .369 
Nxl M2414 .388 .373 .334 1.095 .365 
M2415 >378 .351 .364 1.093 .364 
M2416 .407 .368 .355 1.130 .377 
M2417 .250 .253 .293 .796 .265 
M2418 .374 .361 .325 1.060 .353 .345 
NxN M2420 .300 .318 .283 .901 .300 
M2421 .365 .380 .348 1.093 .364 
M2422 .410 .384 .397 1.191 .397 
M2419 .313 .320 .304 .937 .312 
M2419A .283 .295 .288 . 866 .289 .332 
NxN M2423 .245 .236 .250 .731 .243 
(S) M2424 .230 .236 .243 .709 .236 
M2425 .322 .322 .323 .967 .322 .270 
Table 12. Covariance of mortality and larval weight between mating types in genera­
tion 2 
Deviations from regression 
C £wm 
p o y 
Mating type f Sx Sxy Sy f (Sxy)2/Sx2 Mean square r Reg.Coef. 
Ixl 4 134.2077 -0. 32070 0. 005303 3 0. 004627 0. 001542 —0* 3803 —0» 00239 
IxN 4 320.0475 -0. 21303 0. 003953 3 0. 003811 0. 001270 —0* 1894 -0. 000666 
Nxl 4 305.8106 — 1 • 56664 0. 008249 3 0. 000223 0. 000074 —0 • 9869* —0* 00512 
NxN 4 137.0131 —0 • 96888 0. 008521 3 0. 0016 70 0. 000556 -0. 8967* -0. 00707 
NxN(S) 2 61.3821 0. 32453 0. 005729 1 0. 004013 0. 004013 0. 5472 0. 00529 
Within 13 0. 014344 0. 001103 
Reg. coef. 4 0. 009641 0. 002410 
Common 18 958.4610 —2 • 74472 0. 031845 17 0. 023985 0. 001411 —0# 4970 -0. 00286 
Adj. means 4 0. 009051 0. 002263 
Total 22 10652.7594 •• 15. 41383 0. 055339 21 0. 033036 
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Generation 3 
Following the procedures described in the two previous 
generations selection was again applied. The selection results 
for queens and drones given in Tables 13 and 14 showed a slight 
decrease in mortality from the 0-6 hour larvae of the previous 
generation. 
Table 13. Results of selection grafts from queens of the second 
generation of selection 
Mating Source Treat- Base Liv­ Miss­ Observed % non­
type of ment count ing ing AFB survival 
larvae 
Ixl M2402 1000 31 15 16 0 51.61 
IxN M2408 1000 38 13 19 6 65.79 
Nxl M2415 None 29 24 0 0 17.24 
NxN M2419 None 24 24 0 0 0.00 
NxN M2422 None 26 23 3 0 10.54 
NxN(S) M2424 None 11 11 0 0 0.00 
Table 14. Results of inoculation of 0-12 hour drone larvae from 
queen of the first and second selected generation 
Mating Source Treat- Base Liv­ Miss­ Observed % non­
type of ment count ing ing AFB survival 
larvae 
Ixl M2400 1000 412 140 272 0 66.02 
IxN M2404 None 354 323 31 0 8.76 
Nxl M2416 1000 396 147 249 0 62.88 
NxN M2203a None 294 268 26 0 8.84 
*Drones from M2203 were used because the queens of the 
second generation NxN mating class were reared late and were not 
mature enough to supply drones for matings. 
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The honey flow had ended by the time the progeny tests and 
larvae weights were made on the third generation. The results 
(Tables 15 and 16) were reduced in total numbers of larvae in­
volved due to the nurse bees' behavioral tendency to remove eggs 
and larvae in a period of dearth. Therefore some combs did not 
have sufficient larvae for spore treatment and larval weights. 
In this case larval weights were not taken and this resulted in 
some matings without larval weight estimates. No analysis was 
run on the weights because of the missing data. The low larval 
weights also show the effects of the dearth. 
The mortality responses were considerably altered with the 
Ixl mating type having a mortality of 33.0% based on total 
larvae in the class. Zygote and gamete selection classes of 
IxN and Nxl showed decreases in mortality with average of 
28.6% and 32.7% respectively. The NxN class had 59.2% mor­
tality while the susceptible, (S)N x N, mating type had 68.0% 
mortality. 
An analysis of variance was run on the mortality data with 
the results (Table 17) showing highly significant interaction be­
tween zygote and gamete selection and highly significant zygote 
selection. The gamete failed to be significant in contrast to 
other generations. 
A multiple regression analysis was run on generations two 
and three with the random variables measured being the difference 
between the average response of the selected males and females 
and the overall average of the previous generation. The equations 
are given and discussed in the next chapter. 
43 
Table 15. Pooled spore data of tested queens from the third 
selected generation 
Mat- Source Final count % nett­
ing of Treat- Base Liv- Miss- Observed A"FÏÏ Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
Ixl M2427 Control 20 20 0 0 0 0 0.00 
Spores 37 22 9 2 . 4 15 40.05 
M2428 Control 22 20 2 0 0 2 9.09 
Spores 48 33 10 1 6 . 17 35.41 
M2429 Control 89 86 3 0 0 3 3.37 
Spores 185 137 26 3 19 48 25.94 
M2430 Control 21 20 1 0 0 1 4.76 
Spores 48 28 20 0 0 20 41.67 
M2430A Control 23 23 0 0 0 o 0.00 
Spores 40 22 12 4 2 18 • 45.00 
Total Control 175 171 4 0 0 4 2.28 
Spores 358 242 77 10 31 118 32.96 
IxN M2431 Control 24 23 1 0 0 1 4.17 
Spores 59 41 10 1 7 18 30.51 
M2432 Control 15 14 1 0 0 11 6.67 
Spores 40 30 4 4 2 10 25.00 
M2433 Control 28 26 2 0 0 2 7.14 
Spores 63 45 8 1 9 18 28.57 
Total Control 67 63 4 0 0 4 5.97 
Spores 162 116 22 6 18 46 28.40 
Nxl M2434 Control 13 12 1 0 0 1 7.69 
Spores 23 13 7 3 0 10 43.48 
M2437 Control 8 8 0 0 0 0 0.00 
Spores 21 13 5 2 1 8 38.10 
M2439 Control 32 31 1 0 0 1 3.12 
Spores 87 62 12 5 8 25 28.73 
M2440 Control 24 24 0 0 0 0 0.00 
Spores 66 45 11 6 4 21 31.82 
Table 15. (Continued) 
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Mat- Source 
ing of 
type larvae 
Treat- Base 
ment count 
Liv­
ing 
Final 
Miss­
ing 
. count 
Observed AFB Total 
Larvae Pupae dead 
% non­
sur­
vival 
Nxl M2442 Control 12 12 0 0 0 0 0.00 
Spores 20 13 5 1 1 7 35.00 
Total Control 89 87 2 0 0 2 2.25 
Spores 217 146 40 17 14 71 32.72 
NxN M2443 Control 25 24 1 0 0 1 4.00 
Spores 39 18 9 2 10 21 53.85 
M2444 Control 32 30 2 0 0 2 6.25 
Spores 87 31 29 7 20 56 64.37 
M2445 Control 31 31 0 0 0 0 0.00 
Spores 63 35 21 1 6 28 44.44 
M2446 Control 50 47 3 0 0 3 6.00 
Spores 103 35 38 19 11 68 66.02 
Total Control 138 132 6 0 0 6 4.35 
Spores 292 119 97 29 47 173 59.25 
NxN M2447 Control 18 18 0 0 0 0 0.00 
(S) Spores 46 20 16 0 10 26 56.52 
M2448 Control 34 34 0 0 0 0 0.00 
Spores 74 25 17 13 19 49 66.22 
M2449 Control 13 12 1 0 0 1 7.69 
Spores 27 2 22 3 0 25 92.59 
Total Control 65 64 1 0 0 1 1.54 
Spores 147 47 55 16 29 100 68.03 
45 
Table 16. Weights of samples of 10 larvae 18-24 hours old from 
the third selected generation 
Source Sample 10 larvae Source Sample 10 larvae 
Mating of Average weight/ Mating of Average weight/ 
type larvae larva type larvae larva 
Ixl M2427 .223 . NxN M2443 .320 
M2428 .331 M2444 .315 
M2429 .308 M2445 .285 
M2430 .223 M2446 .284 
M2430A .183 
NxN M2447 .244 
IxN M2431 .261 (S) M2448 — —  
M2432 —  —  M2449 —  —  
M2433 .234 
Nxl M2434 .200 
M2437 .244 
M2439 — —  
M2440 —  —  
M2442 .234 
Table 17. Analysis of variance for larval mortality in 
Generation 3 
Preliminary AOV 
Source df SS MS F Source 
Complete AOV 
df MS 
Treatment 3 1643.36 547.79 10.40 Zygote 1 666.51 
Error 13 684.60 52.66 Gamete 1 190.14 
Total 16 2327.96 Inter­
action 1 913.91 
Error 13 52.66 
** 12.66 
3.61 
17.35** 
**Significant at the .01 level of probability 
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DISCUSSION 
Several problems arose during this investigation that in­
fluenced the analysis of the data. The first problem was that 
of pooling the data of all combs of individual queens. This 
problem was taken care of by excluding those combs that ex­
hibited control losses exceeding 10%. It was assumed that these 
combs were affected adversely by changing environmental condi­
tions. This assumption follows thé practice of previous work­
ers (Bamrick, I960; Hoage, 1963) and follows the statistical 
practice of removing heterogeneous data prior to pooling experi­
mental data. 
The problem of missing data appeared to the greatest de­
gree in the third generation of selection. The majority of 
missing data occurred when nurse bees for the third generation 
refused to care for young larvae during a period of dearth. 
Nurse bees tend to regulate the population by removing excess 
larvae during adverse conditions. Because of this excess re­
moval many combs did not contain sufficient larvae for both 
weight and mortality measurements. The taking of weights was 
eliminated so that more larvae would be available per comb for 
mortality tests of progeny. Another possibility for the lower 
number of individuals was the increase in inbreeding and the sub­
sequent increase in the non-viable eggs that is often associated 
with inbreeding and increased homozygosis. 
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Since natural transmission of AFB is through the nurse 
bees, a measure of this disease in the controls was taken. Only 
five observed AFB dead larvae appeared in 3,719 control larvae 
for an incidence of contamination of 0.13%. It was assumed, 
therefore, that cross contamination was not a factor af­
fecting spore treated mortality and that spore mortality be­
tween lines of bees could be pooled for comparison. 
Generation 1 
The pooled mortality data of each queen was analyzed to 
detect differences in zygotic and gametic selection, using a 
completely randomized factorial design (Snedecor, 1956). The 
results of these analyses are compiled in Table 5. There were 
no significant differences between gametic and zygotic selection 
in the mortality data, but highly significant differences in 
gametic (but not zygotic) selection were found in the weight 
data. This would indicate a close "association between the weight 
of the larva and the type of selection used on its parents. The 
interaction between gamete and zygote selection was significant 
in both weight and mortality data. The presence of this inter­
action made necessary the use of an analysis of weighted squares 
of means (Snedecor, 1956), with unequal numbers in the subclasses 
to obtain unbiased estimates of the main effects of gamete and 
zygote selection. 
Interaction between selected zygote and selected gamete 
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would reflect what is called negative specific combinability 
(Falconer, 1961). The performance of this particular cross 
falls below that of the selection of gamete or zygote only. 
This deviation is known as specific combining ability, with the 
negative prefix denoting the direction of deviation from the 
expected. An explanation of the cause or reason for this re­
action in this type of mating has not been evident from the data 
gathered in this analysis. 
An analysis of covariance was completed (Table 7) to test 
the differences between mating classes. The covariance analy­
sis was also used to determine correlation coefficients (r 
values) to show the relationship of mortality to larval weight. 
The r values for the mating types diverged widely from +0.4141 
» 
in the N x N group to -0.9671 in the I x N mating type (Figure 
5). The overall r value for generation 1 was, however, -0.3000 
which was interpreted as indicating that as the larval weight 
increased the larva has a greater probability of resisting the 
attack of AFB spores. 
Looking at the individual mean squares for each mating type 
in Table 7 homogeneous variance seems obvious. The null hy­
pothesis of no difference between treatment means was rejected 
at the 0.05 level of probability showing selection in the mat­
ing types to differ significantly. A sequential test of dif­
ferences between the adjusted means showed the three selected 
Figure 5. A scattergram of the results of four classes of • 
selection in the first generation of selection 
showing the correlation between larval resistance 
and larval weight in honeybees 18-24 hours old 
Figure 6. A scattergram of the results of five classes of 
selection in the second generation of selection 
showing the correlation between larval resistance 
and larval weight in honeybees 18-24 hours old 
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classes differed from the control or non-selected mating type. 
The I x I type also differed from the I x N and N x I types. 
From these differences it was concluded that gamete and zygote 
selection were equally effective when practiced alone and a 
combination of the two resulted in increased resistance, but 
not to the degree of the other two classes. 
Selection in the first generation resulted in a reduction 
of mortality by 8.9% in the I x I class, 15.8% in I x N, 19.1% 
in the N x I, and the N x N only varied by 1% from the parental 
generation. The selections proved to be significant gains over 
the parental generation. 
A general conclusion from the data of the first generation 
of selection was that considerable gain in resistance could be 
obtained through both zygote and gamete selection. For ease 
in securing survivors, however, it was evident that drone se­
lection would be the easier and faster method. 
Generation 2 
The same statistical analyses used in the previous genera­
tion were used on the data of generation 2. The selection of 
gametes was significantly different from no gamete selection at 
the 0.05 level of probability, in the mortality tests. No 
significant differences were found in larval weights due to 
gamete or zygote selection. Interaction was again evident in 
the mortality test but not in the weight analysis. The analyses 
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of variance tables for these data were given in Table 6. 
The analysis of covariance was then run to test adjusted 
treatment means and to find the correlation coefficients for 
weight-mortality relationships for this generation (Table 12). 
The r values ranged from +0.5472 in the susceptible selected 
class to -0.9869 with the overall correlation coefficient for 
generation 2 being -0.4970. This generation was more uniform 
in distribution of weight and mortality samples of each mating 
type than was the previous generation (Figure 6). It was ob­
vious, by the negative r values obtained, that as larval weight 
increased mortality decreased. The heavier larvae were appar­
ently more resistant to AFB spores than the lighter or slower 
growing larvae. 
Sequential tests of differences between the adjusted 
treatment means were again applied with the following results : 
I x I and N x I were significant at the 0.05 level, I x N and 
N x N were significantly different at the 0.05 level, and N x I 
was different from N x N and N x N(S). The selection of in­
dividual parents gave nearly the same results again indicating 
that the drone or gamete was the most useful tool in selection 
for resistance. 
The mating type averages showed the gain accomplished in 
resistance over the previous generation. The I x I mating type 
had an increase in resistance of 6%, the I x N mating type had 
an increase of 11% over the previous generation, and the N x I 
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mating type had an increase of 14%. The control or N x N 
mating type decreased in mortality by 3% compared to an increase 
in mortality of 20% in the selected susceptible mating type over 
its parents. The ability of the selected gametes and zygotes 
combined was not as would be expected from additive selective 
pressure. The specificity of the combining ability of this 
type of selection was clearly shown by this negative deviation 
from the expected. 
A regression analysis was run using the selected males 
and females as independent variables and the responses of their 
offspring as the dependent variable. The multiple regression 
model used was Y = u + BM(Xn; - ugen) + Bp(xp - ugen) + e. As­
suming random mating of the selected parents, regression coef­
ficients were calculated for each of the variables. The com­
ponents of the model are: Y = the response of matings of the 
selected parents, u = the overall generation mean of the off­
spring to be calculated by applying a dummy variable to the re­
gression equation, B^ = the regression coefficient of the male, 
xM = the average of the selected male, ugeni = the mean of the 
previous selected generation, the same is true of those elements 
with the subscript F for female, and e = the random fluctuations 
of chance or the experimental error. The adjusted Y values 
would be estimated by the following equation: Y = B0XQ + B^X^ + 
B^Xg. With the mating averages as the Y values and the differ­
ences of the parent from the previous generation average, the 
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normal equations were calculated and the B values estimated. 
The analysis gave the following regression equation for males 
and females selected as parents of the second generation: 
Y = 45.84 + 0.5577XM + 2.3559XP. The indications from this 
equation were that the female contributed more to selection 
than did the male because of the larger regression coefficient. 
The degree of contribution depends, of course, on the magnitude 
of gain or loss over the previous generation. The information 
from this type of analysis may be biased since random mating 
was not permitted. 
Generation 3 
Analysis and interpretation of the third generation of 
selection results were complicated due to the gross change of 
environment for rearing experimental or test larvae. The 
tests were conducted during the latter part of August and the 
first two weeks of September of 1963. During this time the 
honeyflow had ceased and brood rearing was at a minimum in the 
colonies. The nurse bees had a tendency to remove larvae at 
random from some combs and, therefore, reduced the number of 
test larvae available. The larvae that were kept were fed less 
and were consequently smaller when weighed. It was decided to 
take larval weights only when there were sufficient numbers of 
larvae to also administer spores for the mortality tests. This 
procedure resulted in some matings being excluded from weight 
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data. Sutter (1963) had noted that the larval weights were 
reduced during a dearth period, making weights during this time 
less reliable and not compatible for comparisons with larvae 
reared during a honeyflow. 
An analysis was run on the mortality data for the third 
generation; since there were unequal numbers in the subclasses, 
the same analysis as used in generation 1 was used on this data 
(Table 17). The zygote selection differed significantly from 
non-selected zygote at the 0.01 level of probability as did 
the interaction of zygote versus gamete selection. In this 
generation, the I x I group increased in resistance while the 
other selected classes decreased in resistance. Considering 
the fact that the weight of the larva influences its ability 
to resist infection, it is possible that the eggs of the I x I 
class were slightly larger. 
To determine if there was a difference in egg size in the 
selected lines of the third generation, samples of ten eggs each 
were taken from each queen within a mating type, and the av­
erage egg weights of the mating types were compared. The I x I 
egg weight average was 0.230 mg., the I x N egg weight average 
was 0.166 mg., the N x I egg weight average was 0.200 mg., the 
N x N egg weight average was 0.171 mg., and the N x N(S) or 
susceptible was 0.158 mg. It would appear that those lines 
with queens that laid larger eggs were better able to cope 
with the adverse environmental conditions. The I x I mating 
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was the only class with a gain in resistance in the third 
generation and also has the greatest average egg weight. This 
larger egg size apparently was instrumental in subsequent sur­
vival of larvae during adverse environmental periods. 
A multiple regression analysis was run on the third gen­
eration using the same model and assumptions as before. Us­
ing the differences of the selected parents and the overall 
mean of generation two as the X variables and the average mor­
tality responses of the matings of the third generation, the 
following equation was calculated: Y = 49.63 + 2.6539X^ + 
1.5193Xp. The results were comparable to the previous genera­
tion, with the exception of the greater contribution of the male 
during this generation of selection. With any selected parent 
average and this equation the expected mortality response of 
its offspring could be estimated. This is, again, assuming 
random mating which was not practiced during this experiment. 
This does give some indication, however, of the value of the 
selection of the parent for mating in the aunt-niece type of 
mating system. 
Comparison of Generations 
A comparison of the gains made by each mating type over 
the three generations is given in Figure 7. In spite of the ef­
fects of environment in influencing the selection pressure ap­
plied the definite separation between control, susceptible, 
and resistant lines was maintained even in the third genera-
Figure 7. A graph showing the average mortality responses of three generations of 
honeybee larvae to selection for resistance to AFB disease 
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tion. It would appear that the selection of most resistant 
mating types were leveling off between 10 and 30% mortality. 
A long range experiment to measure the increase in resistance 
over 10 to 15 generations would show the limit of resistance 
attainable and also help answer the question of specific com­
bining ability of the gamete-zygote and their individual gen­
eral combining ability evidenced in the mating with nontreated 
mates. 
The comparisons of larval weight have already been dis­
cussed in the generation discussions. The evident association 
of larval weight with larval mortality was shown in generations 
one and two in the closeness of the correlation coefficients, 
especially in the selected classes. The theories of matura­
tion resistance (Steinhaus, 1949) indicate that the ability to 
grow rapidly or to be large at the outset would be beneficial 
in resisting diseases. The work of Bamrick (I960) indicates 
that the resistance of the honeybee larva to Bacillus larvae 
spores is in the development or aging of the larva, a relation­
ship clarified by the time-mortality curve * Taber and Roberts 
(1963) have shown that egg weights vary with the inbred line 
of bees being tested. The limited data gathered in this ex­
periment also indicated that larger egg weights resulted in 
larger* and consequently, more AFB resistant, larvae. Thus, 
two major factors in selection for resistance to AFB appear to 
be selection for faster early growth rates and selection for 
larger eggs. 
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Hatching time was also noted to vary, particularly in the 
third generation of selection. During the course of inocula­
tion many eggs were found in the brood area. The eggs were 
all of the same age, since the caging and nurse colony pro­
cedures prevented egg laying in the test combs at times other 
than during caging. These eggs were marked by row and cell 
location in the delineated brood area. 
The presence of eggs was more frequent in the N x N and 
N x N(S) lines. The N x N mating type averaged 79% (of 102 
eggs observed) hatch at the expected 72 hours. An additional 
7% hatched between 24 and 30 hours later than expected. Any 
remaining eggs were removed by the nurse bees within 48 hours 
after the expected hatching time. Those eggs that hatched latey 
developed and emerged as adults at the same time as the eggs 
that hatched "on schedule". 
In the N x N(S) mating type 55 eggs were observed and 85% 
of these had hatched between 72 and 78 hours. Another 4% 
hatched between 24 and 30 hours later,. The remaining eggs were 
removed, as before, within 48 hours after the expected hatching 
time. The adults also emerged at the same time as those that 
hatched at the expected time. 
This difference in hatching time may be a factor in the 
degree of resistance and susceptibility found in the honeybee 
larva. Those taking longer to hatch might have less food re­
serves during the first few hours after hatching and would 
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probably need to ingest more food. The increase in initial 
consumption would result in more spores ingested if they were 
present. Following the theories of previous studies showing 
maturation immunity, the likelihood of infection is greater in 
the younger stages of development, and, therefore, the larvae 
that hatch later would be more susceptible. 
Heritability estimates for the traits of resistance and 
susceptibility as such, may not be valid from the data of this 
study because of the adverse effects of environment on the 
third generation. The definition of heritability (Lush, 1945) 
states that the ratio of hereditary variance to the observed 
variance of the population gives the fraction characterized by 
heredity. When this fraction is large the trait is highly 
hereditary and when it is small the characteristic is largely 
environmental. In the experiments reported herein, selection 
and mating of like to like were practiced in high-resistant and 
low-resistant mating types. With this in mind, a general esti­
mate of the heritability can be made from the gains made in the 
three selected generations. The heritability of the resistant 
trait in the present data is 0.49 based on the ratio of the 
difference between the mean of the generation and the mean of 
the selected parents, and the overall gain of the three gene ra­
ti ons of selection. 
The effect of selecting for resistance was apparent in the 
larvae inoculated when 0-6 hours of age and later used as 
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parents for the next generation. The decrease in mortality 
from 82% in the first selection to 52% in the last selection 
indicates an earlier resistance stage in larval development. 
The change was not as apparent in the 0-12 hour selection of 
drone larvae which decreased from 71% mortality to only 63% 
mortality. The selection pressure was not as great against the 
drone larvae because of the age differences within the larvae 
used. A more rigid selection of drone larvae should result in 
a greater selection differential and more rapid gains toward 
a higher level of resistance. 
In summary the following hypothesis of larval resistance 
is presented. The most resistant queens lay larger eggs which 
hatch with a greater food reserve thus requiring less food 
during the initial hours of larval life. This enables a greater 
degree of maturing before feeding begins with a possible ex­
posure to infective doses of spores. The ability to develop 
rapidly is selected and larger larvae at younger ages are at­
tained. The rapid growth and development allow maturation im­
munity to occur at lower age levels causing less of the popu­
lation to succumb to the AFB infection. 
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SUMMARY 
This investigation concerned the selection for resistance 
to Bacillus larvae White, causative organism of American foul-
brood disease, in young honeybee larvae. The of a cross 
between a susceptible (Van Scoy) line and a resistant (Brown) 
line were used as the parent stock for the selection experi­
ment. Female larvae, 0-6 hours old, and male larvae, 0-12 
hours old were individually treated with 1,000 AFB spores in 
3 0.287 mm of distilled water. Those that survived (designated 
I) were selected as parents for the next generation. The un­
treated controls (designated N) were used in combination with 
the selected individuals for the mating combinations. Matings 
were made in all combinations of selected and unselected males 
and females. A fifth class was a mating of the most suscepti­
ble parents determined by progeny tests. This method of se­
lecting parent stock was used in all three generations. 
Progeny tests, using 1,000 spores dosage, were run on 18-
24 hour old larvae of each mating and the two most resistant 
matings in each mating type were used as parent stock for the 
next generation. _The susceptible control was continued with 
matings of the two queens nearest the average of the class. 
Larval weights were determined on three samples of 10 
larvae each at the time of inoculation of the larval food. The 
weights of the 18-24 hour old larvae were averaged for each 
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mating and this average was used in the statistical test. En­
vironmental differences occurred during the third generation 
that limited the number of larvae available so that only one 
sample of ten larvae was taken for each mating where possible. 
The first generation of selection gave significant dif­
ferences in larval mortality between mating types. The most 
effective selection occurred with gamete selected matings. In­
teraction betweep. selected gamete and selected zygote in a 
mating was significant, and the result was a gain in resistance 
smaller than gains in either of the two other selected classes. 
Larval weights were correlated with the mortality response to 
spore treatment with a correlation coefficient (r value) of 
-0.3000. Although not a significant correlation at the 0.05 
probability level it does show the relationship of weight to 
mortality. It was concluded that the heavier the larva the 
more likely it will resist an infectibn of AFB spores. This 
may also be a phase of maturation immunity whereby increased 
growth is equivalent to increased maturity. A covariance 
analysis shows a significant difference between the adjusted 
mating type means of larval weight. The greatest difference 
occurred between the three selected mating types and the con­
trol mating type. The highest correlation occurred in the 
I x N group with a highly significant r value of -0.9671. 
Generation two had the same response with a smaller in­
crease in resistance in the selected classes. Gamete selection 
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differed significantly from nonselection in the mortality tests. 
There was significant interaction present in the mortality data 
in selected gamete and selected zygote matings. The overall 
r value for the second generation, -0,4970, was significant. 
This suggests that a very close relationship between larval 
weight and mortality exists with the heavier (perhaps more 
rapidly maturing) larvae having a greater degree of resistance. 
It is also apparent that the selection of the gamete resulted 
in 1.5 times as much gain in increased resistance as the zygote 
selection. 
The third generation occurred during a period of dearth 
and gave an indication of selection response under adverse en­
vironmental conditions. A gain in resistance was made only 
in the I x I mating type and this gain was only one-fifth that 
made between the first and second generations. The other se­
lected classes had losses in resistance but neither returned 
to the level in the initial generation. This leads to the con­
clusion that the resistance is retained even under changing en­
vironmental conditions. 
A comparison of gains made over the three generations of 
selection shows an average gain of 6% in the selected classes. 
If continued, this selection system would appear to have a peak 
of resistance between 10% and 30% mortality which is greater 
than the resistance in the resistant inbred Brown line. 
From general observations there appears to be differences 
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in egg sizes and hatching times within selected lines of bees. 
These two factors, hatching time and egg weight, may also in­
fluence the resistance abilities of the honeybee larva. 
Effects of selection were also apparent in the 0-6 hour 
female larvae and in the 0-12 hour male larvae selected as 
parent stock. There was a slight decrease in mortality in both 
the male and female larvae indicating faster maturity or great­
er weight at the younger ages than would normally be found in 
nonselected populations susceptible to AFB. 
From the data given in this study, several conclusions 
may be presented. 1) Larval resistance to AFB can be selected. 
2) Gamete selection gives faster gains and can shorten genera­
tion times to some degree. 3) Larval weight is closely asso­
ciated with larval resistance whereby the heavier larvae are 
most resistant than lighter larvae. 4) Resistance can be ex­
tended to larvae of the 0-12 hour age range with a more rigid 
selection program. 5) Interaction or specific combining ability 
of selected gamete and zygotes matings reduce the desirability 
of these matings but these matings give more uniform results. 
6) Egg weight and hatching time are influenced by selection for 
resistance. 
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APPENDIX 
Table 18. Progeny test of queens of the first selected genera­
tion 
Mat- Source 
ing of Treat- Base 
Final count % non-
Liv- Miss- Observed AFB Total sur-
ing ing Larvae Fupae dead vival 
ment count 
Control 13 12 1 0 0 1 7.69 
Spore 21 14 2 2 3 7 33.33 
Control 15 8 7 0 0 7 46.67+ 
Spores 18 6 7 1 4 12 66.67 
Control 18 15 3 0 0 3 16.67+ 
Spores 38 24 10 3 1 14 36.84 
Control 29 27 2 0 0 2 6.90 
Spores 75 48 14 7 6 27 36.00 
Control 34 33 1 0 0 1 2.94 
Spores 63 33 10 12 8 30 47.61 
Control 33 33 0 0 0 0 0.00 
Spores 53 29 10 8 6 24 45.28 
Total Control 109 105 4 0 0 4 3.70 
Spores 222 124 36 29 23 88 39.64 
M2196 Control 15 15 0 0 0 0 0.00 
Spores 35 21 2 6 6 14 40.00 
Control 25 23 2 0 0 2 8.00 
Spores 65 37 11 5 12 28 43.07 
Control 34 32 2 0 0 2 5.88 
Spores 63 27 11 16 9 36 57.14 
Control 20 19 1 0 0 1 5.00 
Spores 48 24 7 7 10 24 50.00 
Total Control 94 89 5 0 0 5 5.32 
Spores 211 109 31 34 37 102 48.34 
"'"These combs were excluded from the pooled data. 
75 
Table 18. (Continued) 
Mat­ Source Final count % non­
ing of Treat- Base Liv­ Miss­ Observed AFB Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
Ixl M2197 Control 25 24 1 0 0 1 4.00 
Spores 42 28 6 3 5 14 33.33 
Control 41 37 4 0 0 4 9.76 
Spores 77 51 17 4 5 26 33.76 
M2197 Control 67 66 1 0 0 1 1.49 
Spores 136 73 16 27 20 63 46.32 
Control 50 49 1 0 0 1 2.00 
Spores 96 37 17 36 6 59 61.45 
Total Control 183 176 7 0 0 7 3.82 
Spores 351 189 56 70 36 162 46.15 
Total Control 386 370 16 0 0 16 4.14 
Spores 784 422 123 133 96 352 44.89 
IxN M2198 Control 43 42 1 0 0 1 2.33 
Spores 88 49 18 11 10 39 44.31 
Control 47 47 0 0 0 0 0.00 
Spores 104 72 14 8 10 32 30.77 
Control 75 71 4 0 0 4 5.33 
Spores 128 102 9 4 13 26 20.31 
Total Control 165 160 5 0 0 5 3.03 
Spores 320 223 41 23 33 97 30.31 
M2199 Control 22 21 1 0 0 1 4.55 
Spores 47 23 7 5 12 24 51.06 
Control 80 79 1 0 0 1 1.25 
Spores 146 68 12 23 43 78 53.42 
Control 38 38 0 0 0 0 0.00 
Spores 89 59 10 2 18 30 33.70 
Control 57 53 4 0 0 4 7.02 
Spores 118 65 22 2 29 53 44.92 
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Table 18. (Continued) 
Mat­ Source Final count % non­
ing of Treat- Base Liv­ Miss -Observed AFB Total sur­
type larvae ment count ing ing Larvae Fupae dead vival 
IxN Total Control 197 191 6 0 0 6 3.04 
Spores Spores 400 215 51 32 102 185 46.25 
N2200 Control 55 51 4 0 0 4 7.27 
Spores 113 73 2 19 19 40 35.40 
M2200 Control 15 14 1 0 0 1 6.67 
Spores 44 30 6 1 7 14 31.81 
Control 28 27 1 0 0 1 3.57 
Spores 50 34 10 1 5 16 32.00 
Total Control 98 92 6 0 0 6 6.12 
Spores 207 137 18 21 31 70 33.82 
Total Control 460 418 16 0 1 17 3.69 
Spores 927 575 110 76 ^  166 352 37.97 
Nxl M2190 Control 33 32 1 0 0 1 3.03 
Spores 68 39 6 11 12 29 42.64 
M2191 Control 14 13 1 0 0 1 7.14 
Spores 26 23 3 0 0 3 11.54 
Control 12 10 2 0 0 2 16.67+ 
Spores 17 16 1 0 0 1 5.88 
Control 23 23 0 0 0 0 0.00 
Spores 39 31 3 3 2 8 20.51 
Control 31 31 0 0 0 0 0.00 
Spores 59 38 11 4 6 21 35.59 
Control 28 26 2 0 0 2 7.14 
Spores 71 39 19 4 9 32 45.07 
Total Control 96 93 3 0 0 3 3.12 
Spores 195 131 36 11 17 64 32.82 
M2192 Control 28 28 0 0 0 0 0.00 
Spores 77 49 22 6 10 38 49.35 
Control 30 28 2 0 0 2 6.67 
Spores 69 45 4 6 14 24 34.78 
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Table 18. (Continued) 
Mat- Source Final count % non-
ing of Treat- Base Liv- Miss- Observed AFB Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
Nxl M2192 Control 19 18 1 0 0 1 5.26 
Spores 44 20 6 14 4 24 54.54 
Total Control 77 74 3 0 0 3 3.90 
Spores 190 114 32 26 28 86 45.26 
M2193 Control 19 17 2 0 0 2 10.53 
Spores 30 23 7 0 0 7 23.33 
Control 40 38 2 0 0 2 5.00 
Spores 75 52 5 11 7 23 30.66 
Control 22 21 1 0 0 1 4.55 
Spores 56 36 3 7 10 20 35.71 
Total Control 81 76 5 0 0 5 6.17 
Spores 161 111 15 18 17 50 31.06 
M2194 Control 20 20 0 0 0 0 0.00 
Spores 32 25 4 3 0 7 21.86 
Control 17 17 0 0 0 0 0.00 
Spores 37 31 0 6 0 6 16.22 
Total Control 37 37 0 0 0 0 0.00 
Spores 69 56 4 9 0 13 18.84 
Total Control 336 332 14 0 0 14 4.17 
Spores 700 467 94 75 74 243 34.71 
NxN M2201 Control 75 73 2 0 0 2 2.67 
Spores 138 53 29 2 3 33 85 61.59 
Control 53 49 4 0 0 4 7.55 
Spores 86 33 9 14 30 53 61.62 
Total Control 128 122 6 0 0 6 4.69 
Spores 224 86 38 37 63 138 61.61 
M2202 Control 22 22 0 0 0 0 0.00 
Spores 36 25 5 4 2 11 30.55 
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Table 18. (Continued) 
Mat- Source Final count % non-
ing of Treat- Base Liv- Miss- Observed ÀF"ÏÏ Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
M2202 Control 17 16 1 0 0 1 5.88 
Spores 63 43 3 8 9 20 31.74 
M2202 Control 17 16 1 0 0 1 5.88 
Spores 45 24 13 4 4 21 46.67 
Control 18 9 9 0 0 9 50.00+ 
Spores 40 6 25 2 7 34 85.00 
Control 7 5 2 0 0 2 28.57+ 
Spores 29 7 18 3 1 22 75.86 
Total Control 56 54 2 0 0 2 3.57 
Spores 144 92 21 16 15 52 36.11 
M2203 Control 22 22 0 0 0 0 0.00 
Spores 42 19 16 3 4 23 54.76 
Control 17 16 1 0 0 1 5.88 
Spores 42 14 8 14 6 28 66.67 
Control 8 8 0 0 0 0 0.00 
Spores 20 7 3 7 3 13 65.00 
Total Control 47 46 1 0 0 1 2.13 
Spores 104 40 27 24 13 64 61.54 
M2204 Control 8 7 1 0 0 1 12.50 
Spores 17 12 5 0 0 5 29.41 
Control 27 21 6 0 0 6 22.22* 
Spores 71 59 8 1 3 12 16.90 
Control 22 21 1 0 0 1 4.55 
Spores 57 30 10 7 10 27 47.36 
79 
Table 18. (Continued) 
Mat- Source Final count % non-
ing of Treat- Base Liv- Miss- Observed AFB Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
NxN Total Control 30 28 2 0 0 2 6.67 
Spores 74 42 15 7 10 32 43.24 
M2205 Control 27 26 1 0 0 1 3.70 
Spores 41 18 8 5 10 23 56.09 
Control 18 17 1 0 0 1 5.56 
Spores 48 23 12 7 6 25 52.08 
Control 27 24 3 0 0 3 11.11 
Spores 41 8 9 21 3 33 80.48 
Control 18 18 0 0 0 0 0.00 
Spores 38 13 7 16 2 25 65.78 
Total Control 63 61 2 0 0 2 3.17 
Spores 127 54 27 28 18 73 57.48 
Total Control 324 311 13 0 0 13 4.01 
Spores 673 314 128 112 119 359 53.34 
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Table 19. Progeny test of queens of the second selected 
generation 
Mat- Source Final count % non-
ing of Treat- Base Liv- Miss- Observed AFB Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
M2396 Control 6 6 0 0 0 0 0.00 
Spores 17 9 7 1 0 8 47.06 
Control 10 10 00 0 0 0 0.00 
Spores 22 11 9 0 2 11 50.00 
Total Control 16 16 0 0 0 0 0.00 
Spores 39 20 16 1 2 19 48.72 
M2377 Control 48 46 2 0 0 2 4.17 
Spores 87 68 4 6 9 19 21.84 
Control 49 48 1 0 0 1 2.04 
Spores 90 45 17 10 18 45 50.00 
Control 48 47 1 0 0 1 2.08 
Spores 95 58 9 17 11 37 38.95 
Total Control 145 141 4 0 0 4 2.76 
Spores 272 171 30 33 38 101 37.13 
M2400 Control 14 14 0 0 0 0 0.00 
Spores 28 16 4 0 8 12 42.86 
Control 16 15 1 0 0 1 12.50 
Spores 32 23 5 1 4 10 31.25 
Control 9 9 0 0 0 0 0.00 
Spores 16 11 5 0 0 5 31.25 
Control 14 10 4 0 0 4 28.57+ 
Spores 26 10 5 0 11 16 61.53 
Total Control 39 38 1 0 0 1 2.58 
Spores 76 50 14 1 12 27 35.52 
M2401 Control 14 14 0 0 0 0 0.00 
Spores 31 24 6 1 0 7 22.58 
Control 12 12 0 0 0 0 0.00 
Spores 19 14 2 3 0 5 26.32 
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Tablell9. (Continued) 
Mat- Source _ 
ing of Treat- Base Liv 
type larvae ment count ing 
Final count % non 
Miss- Observed AFB Total sur-
ing Larvae Pupae dead vival 
Ixl M2401 Control 12 12 0 0 0 0 0.00 
Spores 35 18 Xà 1 0 17 48.57 
Total Control 38 38 0 0 0 0 0.00 
Spores 85 56 24 5 0 29 34.12 
M2402 Control 29 29 0 0 0 0 0.00 
Spores 68 62 6 0 0 6 8.82 
Control 53 48 5 0 0 5 9.43 
Spores 102 56 11 11 24 46 45.10 
Control 32 32 0 0 0 0 0.00 
Spores 75 44 3 14 14 31 41.33 
Control 48 43 5 0 0 5 10.42 
Spores 113 55 12 14 32 58 51.33 
Control 34 34 0 0 0 0 0.00 
Spores 74 50 2 4 18 24 32.43 
Total Control 196 186 10 0 0 10 5.10 
Spores 432 267 34 43 88 165 38.19 
Total Control 400 390 10 0 0 10 2.00 
Spores 834 540 107 32 116 295 35.37 
IxN M2404 Control 26 25 0 . 1 0 1 3.85 
Spores 60 51 4 4 1 9 15.00 
Control 42 39 3 0 0 3 7.14 
Spores 109 94 5 6 4 15 13.76 
Cont rol 13 13 0 0 0 0 0.00 
Spores 20 13 1 5 1 7 35.00 
Control 69 67 1 0 1 2 2.90 
Spores 111 73 2 17 19 38 34.23 
Total Control 150 144 4 1 1 6 4.00 
Spores 300 231 12 32 25 69 23.00 
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Table 19. (Continued) 
Mat­ Source Final co unt % non­
ing of Treat- Base Liv- Miss­ Observed AFB Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
IxN M2405 Control 37 35 2 0 0 2 5.40 
Spores 75 60 1 4 10 15 20.00 
Control 75 74 0 0 1 1 1.33 
Spores 136 111 9 5 11 25 18.38 
Control 74 74 0 0 0 0 0.00 
Spores 143 89 16 16 22 54 37.76 
Control 6 6 0 0 0 0 0.00 
Spores 13 10 0 1 2 3 23.07 
Total Control 192 189 2 0 1 3 1.56 
Spores 367 270 26 26 45 97 26.43 
M2406 Control 4 1 3 0 0 3 75.00+ 
Spores 9 5 3 0 1 4 44.44 
Control 26 25 1 0 0 1 3.85 
Spores 58 34 19 3 2 24 41.38 
Control 30 28 2 0 0 2 6.67 
Spores 64 51 12 1 0 13 20.31 
Control 28 26 2 0 0 2 7.14 
Spores 99 46 46 6 1 53 53.53 
Total Control 84 79 5 0 0 5 5.95 
Spores 221 131 77 10 3 90 30.72 
M2407 Control 54 54 0 0 0 0 0.00 
Spores 134 121 5 4 4 13 9.70 
Control 57 56 1 0 0 1 1.75 
Spores 136 97 20 11 8 39 28.68 
Total Control 111 110 1 0 0 1 0.90 
Spores 270 218 25 15 12 52 19.25 
M2408 Control 22 22 0 0 0 0 0.00 
Spores 55 46 2 2 6 9 16.36 
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Table 19. (Continued) 
Mat- Source Final count % non? 
ing of Treat- Base Liv- Miss- Observed AFB Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
IxN M2408 Control 10 10 0 0 0 0 0.00 
Spores 24 18 4 1 1 6 25.00 
Total Control 32 32 0 0 0 0 0.00 
Spores 79 64 6 3 6 15 18.99 
Total Control 569 554 12 1 2 15 2.64 
Spores 1237 914 146 86 91 323 26.11 
Nxl M2414 Control 11 10 1 0 0 1 9.09 
Spores 19 15 0 3 1 4 21.05 
Control 22 17 3 2 0 5 22.72+ 
Spores 43 37 4 0 2 6 13.95 
Control 18 17 1 0 0 1 5.56 
Spores 73 60 5 7 1 13 17.81 
Total Control 29 27 2 0 0 2 6.90 
Spores 92 75 5 10 2 17 18.47 
M2415 Control 18 17 1 0 0 1 5.56 
Spores 60 50 0 10 0 10 16.67 
Control 26 26 0 0 0 0 0.00 
Spores 38 33 4 0 1 5 13.16 
Total Control 44 43 1 0 0 1 2.27 
Spores 98 83 4 10 1 15 15.30 
M2416 Control 15 15 0 0 0 0 0.00 
Spores 37 33 3 1 0 4 10.81 
Control 15 15 0 0 0 0 0.00 
Spores 43 36 7 0 0 7 16.28 
Control 25 24 1 0 0 1 4.00 
Spores 51 44 6 1 0 7 13.72 
Total Control 55 54 1 0 0 1 1.82 
Spores 131 113 16 2 0 18 13.74 
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Table 19. (Continued) 
Mat- Source Pinal count % non-
ing of Treat- Base Liv- Miss- Observed AFB Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
Nxl M2417 Control 30 29 1 0 0 0 3.33 
Spores 68 44 10 6 8 24 35.29 
M2418 Control 13 12 1 0 0 1 7.69 
Spores 32 24 7 1 0 8 25.00 
Control 26 26 0 0 0 0 0.00 
Spores 44 39 5 0 0 5 11.36 
Total Control 39 38 1 0 0 1 2.56 
Spores 76 63 12 1 0 13 17.10 
Total Control 197 191 6 0 0 6 13.04 
Spores 465 378 47 29 11 87 18.71 
NxN M2419 Control 24 24 0 Q 0 0 0.00 
Spores 84 51 5 16 12 33 39.29 
Control 15 15 0 0 0 0 0.00 
Spores 24 12 3 2 7 12 50.00 
Control 23 22 0 1 0 1 4.35 
Spores 60 26 6 12 16 34 56.67 
Total Control 62 61 0 1 0 1 1.61 
Spores 168 89 14 30 35 79 47.02 
M2419A Control 15 14 1 0 0 1 6.67 
Spores 36 17 4 9 6 19 52.78 
Control 21 20 1 0 0 1 4.76 
Spores 44 19 5 12 8 25 56.82 
Control 15 14 1 0 0 1 6.67 
Spores 28 11 2 7 8 17 60.71 
Control 24 22 2 0 0 2 8.33 
Spores 53 25 8 11 9 28 52.83 
Control 23 23 0 0 0 0 0.00 
Spores 41 19 0 10 12 22 53.66 
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Table 19. (Continued) 
Màt- Source Final count % non-
ing of Treat- Base Liv- Miss- Observed AFB Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
(S) 
M2419A Control 98 93 5 0 0 5 5.10 
Total Spores 202 91 19 49 43 111 54.95 
M2425 Control 12 12 0 0 0 0 0.00 
Spores 29 0 26 1 2 29 100.00 
Control 25 25 0 0 0 0 0.00 
Spores 45 5 13 14 13 40 88.89 
Control 23 22 1 0 0 1 4.35 
Spores 33 7 12 8 6 26 78.79 
Total Control 60 59 1 0 0 1 1.67 
Spores 107 12 51 23 21 95 88.78 
M2420 Control 20 19 1 0 0 1 5.00 
Spores 43 16 3 13 11 27 62.79 
Control 37 35 2 0 0 2 5.41 
Spores 70 36 12 9 13 34 48.57 
Control 15 15 0 0 0 0 0.00 
Spores 28 11 3 8 6 17 60.71 
Total Control 72 69 3 0 0 3 4.17 
Spores 141 63 18 30 30 78 55.32 
M2421 Control 35 35 0 0 0 0 0.00 
Spores 64 24 2 19 19 40 62.50 
Control 34 34 0 0 0 0 0.00 
Spores 76 45 3 15 13 31 40.79 
Control 13 12 1 0 0 1 7.69 
Spores 30 23 5 2 0 7 23.33 
Total Control 82 81 1 0 0 1 1.22 
Spores 170 92 10 36 32 78 45.88 
M2422 Control 31 30 1 0 0 1 3.22 
Spores 90 46 7 19 18 44 48.89 
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Table 19. (Continued) 
Mat- Source Final count % non-
ing of Treat- Base Liv- Miss- Observed AFB Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
NxN M2422 Control 14 14 0 0 0 0 0.00 
Spores 37 25 6 3 3 12 32.43 
Control 23 22 1 0 0 1 4.55 
Spores 37 24 7 3 3 *13 35.14 
Total Control 68 66 2 0 0 2 2.94 
Spores 164 95 20 25 24 69 42.07 
Total Control 382 370 11 1 0 12 3.14 
Spores 845 430 81 170 164 415 49.11 
NxN M2423 Control 24 21 33 0 0 3 12.51 
(S) Spores 42 7 16 12 7 35 83.33 
Control 19 19 0 0 0 0 0.00 
Spores 54 5 10 21 18 49 90.74 
Control 35 35 0 0 0 0 0.00 
Spores 57 5 15 19 18 52 91.83 
Total Control 78 75 3 0 0 3 3.85 
Spores 153 17 41 52 43 136 88.89 
M2424 Control 18 18 0 0 0 0 0.00 
Spores 34 11 9 7 7 23 67.75 
Control 22 22 00 0 0 0 0.00 
Spores 56 9 10 14 23 47 83.93 
Control 20 20 0 0 0 0 0.00 
Spores 16 2 5 2 7 14 87.50 
Total Control 60 60 0 0 0 0 0.00 
Spores 106 22 24 23 37 84 79.24 
Total Control 198 194 4 0 0 4 2.02 
Spores 366 51 116 98 101 315 86.06 
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Table 20. Progeny test of queens of the third selected 
generation 
Mat- Source Pinal count % non-
ing of Treat- Base Liv- Miss- Observed AP*B Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
M2427 Control 12 8 4 0 0 4 33.33+ 
Spores 15 3 8 1 3 12 80.00 
Control 8 4 4 0 0 4 50.00+ 
Spores 22 5 15 0 2 17 77.29 
Total Control 20 20 0 0 0 0 0.00 
Spores 37 22 9 2 4 15 40.05 
M2428 Control 12 11 1 0 0 1 8.33 
Spores 32 20 8 1 3 12 37.50 
Control 10 9 1 0 0 1 10.00 
Spores 16 11 2 0 3 5 31.25 
Control 17 13 4 0 0 4 30.77+ 
Spores 41 21 17 1 2 20 48.78 
Control 16 11 5 0 0 5 31.25+ 
Spores 33 16 12 3 2 17 51.52 
Total Control 22 20 2 0 0 2 9.09 
Spores 48 33 10 1 6 17 35.41 
M2429 Control 23 22 1 0 0 1 4.35 
Spores 48 34 8 1 5 14 29.16 
Control 23 23 0 0 0 0 0.00 
Spores 48 43 4 0 1 5 10.42 
Control 12 11 1 0 0 1 8.33 
Spores 28 16 6 2 4 12 42.85 
Control 17 14 1 1 1 3 17.65+ 
Spores 37 10 7 8 12 27 72.92 
Control 18 17 1 0 0 1 5.56 
Spores 32 26 4 0 2 6 18.75 
Control 13 13 0 0 0 0 0.00 
Spores 29 18 4 0 7 11 37.93 
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Table 20. (Continued) 
Mat- Source Final count % non-
ing of Treat- Base Liv- Miss- Observed AFB Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
Ixl M2429 
Total Control 89 86 3 0 0 3 3.37 
Spores 185 137 26 3 19 48 25.94 
M2430 Control 12 11 1 0 0 1 8.33 
Spores 26 13 13 0 0 13 50.00 
Control 9 9 0 0 0 0 0.00 
Spores 22 15 7 0 0 7 31.81 
Total Control 21 20 1 0 0 1 4.76 
Spores 48 28 20 0 0 20 41.67 
M2430A Control 10 10 0 0 0 0 0.00 
Spores 11 6 5 0 0 5 45.45 
Control 13 13 0 0 0 0 0.00 
Spores 29 23 0 0 0 0 0.00 
Total Control 23 23 0 0 0 0 0.00 
Spores 40 22 12 4 2 18 45.00 
Total Control 175 171 4 0 0 4 2.28 
Spores 358 242 77 10 31 118 32.96 
IxN M2431 Control 15 14 1 0 0 1 6.67 
Spores 30 23 7 0 0 7 23.33 
Control 9 9 0 0 0 0 0.00 
Spores 29 18 3 1 7 11 37.93 
Total Control 24 23 1 0 0 1 4.17 
Spores 59 41 10 1 7 18 30.51 
M2432 Control 15 14 1 0 0 1 6.67 
Spores 40 30 4 4 2 10 25.00 
M2433 Control 19 12 7 0 0 7 36.84 
Spores 37 13 18 2 4 24 64.86 
Total Control 28 26 2 0 0 2 7.14 
Spores 63 45 8 1 9 18 28.57 
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Table 20. (Continued) 
Mat- Source ___ Final count % non-
ing of Treat- Base Liv- Miss- Observed AFB Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
Nxl M2434 Control 13 12 1 0 0 1 7.69 
Spores 23 13 7 3 0 10 43.48 
M2437 Control 8 8 0 0 0 0 0.00 
Spores 21 13 5 2 1 8 38.10 
M2439 Control 32 31 1 0 0 1 3.12 
Spores 87 62 12 5 8 25 28.74 
M2440 Control 24 24 0 0 0 0 0.00 
Spores 66 45 11 6 4 21 31.82 
M2442 Control 12 12 0 0 0 0 0.00 
Spores 20 13 5 1 1 7 35.00 
Total Control 89 87 2 0 0 2 2.25 
Spores 217 146 40 17 14 71 32.72 
NxN M2443 Control 12 11 1 0 0 1 8.33 
Spores 25 12 3 1 9 13 52.00 
Control 13 13 0 0 0 0 0.00 
Spores 14 6 6 1 1 8 57.14 
Total Control 25 24 1 0 0 1 4.00 
Spores 39 18 9 2 10 21 53.85 
M2444 Control 15 14 1 0 0 1 6.67 
Spores 41 15 10 3 13 26 63.41 
Control 6 6 0 0 0 0 0.00 
Spores 19 6 11 0 2 13 68.42 
Control 11 10 1 0 0 1 9.09 
Spores 27 10 8 4 5 17 62.96 
Total Control 32 30 2 0 0 2 6.25 
Spores 87 31 29 7 20 56 64.37 
M2445 Control 17 17 0 0 0 0 0.00 
Spores 40 22 11 1 6 18 45.00 
Table 20. (Continued) 
90 
Mat- Source Final count % non-
ing of Treat- Base Liv- Miss- Observed AFB Total sur­
type larvae ment count ing ing Larvae Pupae dead vival 
NxN M2445 Control 14 14 0 0 0 0 0.00 
Spores 23 13 10 0 0 10 43.47 
Total Control 31 31 0 0 0 0 0.00 
Spores 63 35 21 1 6 28 44.44 
M2446 Control 29 28 1 0 0 1 3.45 
Spores 59 24 15 18 2 35 59.32 
Control 21 19 2 0 0 2 9.52 
Spores 44 11 23 1 9 33 75.00 
Total Control 50 47 3 0 0 3 6.00 
Spores 103 35 38 19 11 68 66.02 
Total Control 138 132 6 0 0 6 4.35 
Spores 292 119 97 29 47 173 59.25 
NxN M2447 Control 18 18 0 0 0 0 0.00 
(S) Spores 46 20 16 0 10 26 56.62 
M2448 Control 19 19 0 0 0 0 0.00 
Spores 46 15 7 7 17 31 67.39 
Control 15 15 0 0 0 0 0.00 
Spores 28 10 10 6 2 18 64.28 
Total Control 34 34 0 0 0 " 0 0.00 
Spores 74 25 17 13 19 49 66.22 
M2449 Control 13 12 1 0 0 1 7.69 
Spores 27 2 22 3 0 25 92.59 
Total Control 65 64 1 0 0 1 1.54 
Spores 147 47 55 16 29 100 68.03 
